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IWTRODOCTION 


Tfhlle  the  reactl; n between  Nitrogen  dioxide  and  alcohols  was  noted 
as  a •'decolorization  of  the  NO2”  by  Harris  and  Siegel  (1),  the  stoichio- 
metry of  the  reaction  and  the  reaction  products  were  not  identified  until 
recently  v/hen  this  was  done  chemically  by  Treacy  (2)  and  spectroscopically 
by  yoffe  and  Gray  (3).  These  investlnations  seem  to  indicate  the  stoich- 
inetry  to  bei 

2TIO2  ^ ROH  RONO  ^ HNO3 

A/here  RONO  denotes  the  nitrite  ester  of  the  alcohol  used. 

Carberry  (2)  initiated  the  investigation  of  the  kinetics  of  the 
forward  reaction  (as  written  above),  and  found  that  the  initial  rates 
were  second  order  with  respect  to  HO^and  first  order  v/ith  respect  to 

j’rcthanol.  This  reaction  vras  run  in  a cylindrical  tube  h»$  cm  ^ diam- 
eter. Initial  reaction  rate  constant  was  found  to  be  0.08  mu**  /min,  and 
a negative  temperature  coefficient  nas  found  to  obtain.  Since  this  v/as 
the  pioneer  vrork  in  the  field,  the  best  techniques  and  equipment  -.Tere  not 
discovered  until  very  near  the  end  of  the  work  and  hence  there  vras  consid- 
ered to  a considerable  lack  of  precision  in  the  work  finally  reported. 

Fairlie  (2),  working  under  Office  of  Naval  Research  Support,  in 
this  laboratory,  undertook  to  re-evaluate  the  work  of  Carberry  and  to  extend 
it  to  fo\u*  other  of  the  lov/er  alcohols.  The  work  was  at  25°C  only  anti  v;as 
done  in  a large  cylindrical  reactor  of  diameter  Ih.Scm  to  eliminate  sur- 
face effects  if  possible.  The  Jata  taken  substantiated  the  ^vork  of  Car- 
berry inasmuch  as  it  indicated  initial  reaction  rate  equations  for  netb- 
anol,  ethanol,  n-propanol,  i-propanol,  and  t-butanol  to  be  second  order 
in  partial  pressiure  of  NO2  and  first  order  in  alcohol.  Fairlie  found  in 
addition  that  the  reaction  was  evidently  autocatalytic,  for  rate  constants 
computed  Urom  the  initial  rate  lavr  were  found  to  increase  with  extent  of 
reaction  and  with  time  elapsed  A'om  the  outset  of  reaction.  Equilibrium 
constants  were  established  with  substantiated  the  stoichiometry  previous- 
ly indicated,  initial  rate  constants  varied  ft*on  0.03  to  0,0$ 

! ploche  (3)»  (also  under  ONR  sponsorship)  investigated  the  kin- 
etics of  the  reverse  reaction  using  t!ie  sane  apparatus  used  by  Carberry. 
n?0j  was  nixed  \»ith  j ethyl  Nitrite  and  the  rate  of  appearance  of  MC)2 
noted.  Considerable  experimental  difficulty  was  encountered  in  measuring 
initial  amounts  of  HTTO3  used  and  the  final  indirect  method  was  left  a con- 
siderable margin  of  error  in  the  results,  r'evertheless,  the  equilibrium 
values  attained  checked  those  of  Fairlie,  and  an  intial  mechanism  that  was 
first  order  in  both  Nitrite  and  Nitric  acid  could  be  deduced.  Results  also 
tied  into  those  of  Fairlie  inasmuch  as  rate  constants  for  the  reverse  re- 
action were  found  to  decrease  \Tlth  extent  of  reaction  as  might  be  predict- 
ed A:om  the  behavior  of  the  forward  "constants”, 

Dascd  on  these  results,  a mechanism  vtaa  postulated  that  involved  a 
gas  phase  reaction  between  N2pi4  (in  equilibrium  >rith  2 Nt>2)  and  alcohol. 
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with  the  autocatalytic  effects  being  cuased  by  traces  of  a decomposition 
product  of  HIIO3  (such  a N20t;^  or  NO,  or  N2O3).  The  fact  that  Tairlie 

obtained  a rate  constant  for  the  initial  stages  of  the  methanol  reaction 
wliose  value  of  0.03  much  less  than  the  O.OO  of  Carberrj’’  was  laid  to 
the  inexactitude  of  the  Carberry  results. 

Thus  at  the  outset  of  the  current  year  of  OUR  sponsored  vrork,  only 
the  r.ost  meager  indication  as  to  temperature  effects  on  the  reaction  v/as 
kno’.vn,  and  practically  nothing  \/as  as  to  the  effect  of  other  oxides 

of  I'itrogen  on  the  reaction,  or  their  possible  relation  to  the  autocata];'-- 
tic  effect  not«d.  Since  cheap  commercial  soiurces  of  NO2  would  in  all  pro- 
bability contain  large  amounts  of  NO,  it  was  of  considerable  interest  to 
note  tile  effect  of  this  variable.  Also,  it  was  thought  to  be  of  consider- 
able interest  to  test  the  often  -xjstr.lated  role  of  N2O3  in  the  fomation 

of  nitrites  ’')hen  mixtures  of  "Nitrous  gases"  are  used  in  reaction  vdth  or- 
ganic materials,  a j ostulation  oi'tcn  i ound  in  the  literature  of  organic 
chemistry. 
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TE:  TTIRATURT  EFFECTS 


In  order  to  determine  the  effect  of  ter;.perature  on  H02iilcohol  re- 
actions a special  cylindrical  reaction  cell  I'as  obtained.  This  had  .yrex 
windov.'s  sealed  on  the  ends  and  v/as  jacketed  for  circulation  of  h.eateJ  (or 
cooled)  water.  The  largest  cell  available  coitinercially  had  an  internal 
diameter  of  2.5  cm  and  a volume  of  lh7  cc. 

This  cell  was  precisely  calibrated  as  to  volume  and  was  connected 
thni  ground  glass  fittings  and  stojicocks  to  tv/o  calibrated  bulbs  fitted 
•/ith  nanorteters  for  determination  of  initial  amounts  of  alcohol  and  PCi2 

used. 


The  light  absorbtion  caused  by  the  NO2  (the  only  colored  material 

present  in  the  reaction)  v/as  used  to  follow  the  cor.rse  of  the  reaction, 
bight  from  and  unflrosted  incandescent  bulb  v/as  filtered  to  remove  light 
ph.otochn.  ically  active  on  ?’02,  focuseci  to  a parrallel  bean,  collimated 
and  passed  into  the  reaction  cell.  In  order  to  acliieve  better  precision 
the  length  of  light  jath  v/as  doubled  by  reflecting  light  from  the  far  end 
of  the  cell  from  a plane  mirror  back  tJurough  the  re  ;ction  mixture  and 
thence  from  a small  inclined  plane  mirror  placed  in  the  initial  li(^t 
path  to  a photronic  photocell,  aside  from  the  focusing  effect^this  doub- 
ling of  light  path  was  achieved  in  much  the  same  manner  as  the  light 
bean  is  removed  from  a reflecting  telescope.  The  output  of  the  photocell 
T/as  used  directly  to  activate  a galvanometer  (Gen  El  Cat  32C2h5).  Tl»ru 
use  of  shutters,  light  could  be  made  to  impinge  on  the  cell  directly  from 
the  source,  thus  providing  a method  of  standardizing  and  checking  initial 
intensity,  vfhich  was  done  with  some  frequency  during  each  run  made. 
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Llc'ht  intensity  was  adjusted  rnanually  to  full  scale  galvanometer 
deflection  at  the  outset  of  each  run.  An  empirical  calibration  curve 
was  detomined  relating  partial  pressure  of  NO2  to  galvanometer  deflection. 
After  it  had  been  determined  that  other  reactants  and  products  had  no 
effect  of  this  deflection,  the  calibration  curve  could  be  usetl  directly 
to  translate  readings  to  partial  pressure  of  MO2  present  at  any  time  dur- 
ing a given  run. 

>i  large  insulated  reservoir  was  used  as  a source  of  water  which 
was  heated  electrically  or  cooled  with  ice  to  the  desired  tenjaerature  of 
the  run.  This  water  was  circulated  ^ri.th  a small  centrifugal  pump  thru 
the  water  jad®af  the  reaction  cell,  in  order  to  provide  the  desired  is- 
othemal  conditions  for  reaction.  Temperature  variation  throughout  a 
run  ivas  at  most  l^g. 

After  the  desired  temperature  condition  had  been  set  and  circula- 
tion established,  the  system  was  evacuated  to  0.1  nnHg  (ilcLeod  gauge). 

The  desired  partial  pressures  of  IO2  alcohol  vrere  then  ackiitted  to 

the  separate  measurement  bulbs  Q*om  a source  of  cp  liquid  alcohol  from 
which  all  air  had  been  pumped,  and  from  a lecture  bottle  of  Mo^  supplied 

::at])eson  Co.,  Joliet  111.  Partial  pressures  were  read  from  a mercury  nan- 
ometer and  were  computed  from  the  desired  values  that  \irere  to  finally  ob- 
tain in  the  reaction  cell,  the  volumes  involved  and  the  temperatures  Hg 
vras  found  to  react  with  NO2  over  a period  of  several  weeks  of  use  but  to 

not  effect  results  at  all  in  the  time  taken  to  determine  partial  pressure 
to  be  used  for  one  non.  yit  the  even  minute  indicated  by  a stoj?.vatch, 
stopcoclcs  leading  from  measurement  bulbs  to  reaction  system  ^^e^e  simultan- 
eously opened  and  gases  flowed  air  ost  instantaneously  into  the  reaction 
cell  v/hich  was  of  much  larger  volume  than  the  measurements  bulbs.  Galvan- 
ometer readings  were  then  taken  at  apjjropriate  time  intervals,  transla- 
ted into  partial  pressures  of  ?J02,  plotted  (as  pp  2^®  tine)  a^d  tlie 
rate  of  reaction  taken  by  diffeirtiation  of  the  curve  obtained.  Data  >/as 
taken  at  various  initial  partial  pressures  of  reactants  and  at  divers 
temperatures,  inorder  that  order  at  various  temperatures,  and  temperature 
coefficient  could  be  evaliiated.  Reactions  were  allowed  to  proceed  until 
no  detectable  change  in  galvanometer  reading  could  be  detedted  in  20  min- 
utes. This  was  taken  as  the  equilibrium  conditions  and  values  of  the  "K" 
Yiere  computed  using  the  stoichiometry  previously  noted. 


rFFECT  OF  INITIAL  Tl  IRD  C0!T0?O!TS 


The  effect  of  fiitric  oxide,  etc  on  the  reaction  was  evaluated  in 
similar  manner'; ««  The  apparatus  used  was  the  sane  as  that  of  Fairlie  as 
previously  noted  (see  yearly  fietebeek  report,  Jxuie,  1952  from  d!R  392(00)j^ 
in  vdiich  the  reaction  cell  was  cylindrical  v/ith  diameter  lb .5  cm  and  vol- 
ume 18,700  cc  S/V  m 0.3cm”^.  This  apparatus  was  long  enough  so  that  one 
pass  of  the  light  thru  it  v/as  sufficient  to  give  the  desired  precision. 

The  desired  raactanta  were  measured  and  placed  in  tlm  reaction  cell 
as  previously  described^  KO*(Or  other  "third  initial  conponent")  was  mixed 
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with  one  of  the  two  key  reactante  with  which  it  did  not  react,  partial 
pressures  of  each  being  noted  on  an  Hg  manometer*  Data  i/ere  taken  with 
partial  pressures  of  MO2  and  alcbhol  constant  with  variable  partial 
pressures  of  NO,  HNO3  etc  to  determine  the  effect  of  the  thii^  variable 
on  initial  rate*  Later,  data  were  taken  in  which  partial  pressure  NO2 
and  alcohol  were  varied  in  order  to  determine  any  effects  on  the  overall 
order  of  the  reaction* 

Temperature  was  held  at  25^0  i 1 by  making  the  room  into  a 
"thermo-room"* 


RESULTS 


The  reaction  was  studied  in  a bath  system  at  partial  pressures  up 

to  ten  mm  Hg  for  all  components  used*  Rate  was  follcwed  photometrically, 

the  MO2  concentration  being  determined  as  a function  of  time* 

It  was  found  thatt 

( 1)  Addition  of  Nitric  oxide  did  MOT  affect  initial  rate*  MO  entered 
the  reaction  only  in  the  later  stages  thru  reaction  irith  ^03,  pro- 
duced by  the  primary  reaction*  This  secondary  reaction  was  relatively 
slow  compared  to  the  primary  reaction*  Initial  rate  constants  re- 
produced values  given  by  Fairlie* 

(2)  Addition  of  divers  Nitrite  esters  did  not  affect  initial  rate. 

( 3)  Nitric  acid  addition  in  feed  charge  increased  initial  rate  by  50^* 

And  while  the  mode  of  addition  of  Nitric  acid  (either  with  alcohol  or 
with  NO2),  did  not  materially  affect  initial  rate,  it  did  affect  eq- 
uilibrium values  observed,  thereby  suggesting  that  nitric  acid  reacts 
with  ethanol  alone  but  is  inhibited  from  doing  so  when  produced  from  the 
2N0  ♦ ROH  reaction* 

(li)  Acetaldehyde  had  no  effect  on  initial  rate.  Thus  traces  of  this 
material  are  not  effective  as  an  autocatalytic  agent* 

(5)  The  "negative  tenperature  coefficient"  previously  reported  by  this 
laboratory  was  substantiated* 

(6)  lork  on  temperature  effects  was  oirried  on  in  an  apparatus  having  a 
smaller  volume  to  surface  ratio  than  that  used  previously  ( see  1952 
annual  report  from  this  project)*  Uith  the  present  ^paratus,  it  was 
found  that  reaction  rate  depended  on  the  second  power  of  MO2  par- 
tial pressure,  but  on  L^'^S  than  the  first  power  of  the  alcohol  par- 
tial press\u?e*  Furthermore,  the  "order  with  respect  to  alcohol 
changed  with  temperature  used,  from  0*3  to  0*8  as  T varied  from  0 
to  75  degrees  C*  Since  first  order  rate  dependence  on  alcohol  was 
found  in  the  larger  apparatus  (ONR  annual  report,  1952),  and  only 
SA  ratio  was  changed,  the  effects  was  interpreted  to  signify  that 

a surface  reaction  of  an  order  less  than  unity  is  present  and  thus 
becomes  relatively  more  ing>ortant  at  high  values  of  sA« 
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(7)  Reaction  rates  at  comparable  pressures  were  observed  to  be 

greater  with  higher  S/v  ratio*  Because  of  the  change  In  over- 
all rate  law  no  simple  values  of  reaction  rate  constant  could  be 
ccnaputed.  Hov/ever,  Am  lues  of  are  computed  for  the  t\ra 

sixiultaneous  rates  In  the  mechanism  as  postulated. 

(8)  Different  rate  effects  were  no~;:ed  when  alcohol  or  NO2  was  ad- 
mitted first  to  the  reaction  cell,  tending  to  substantiate  the 
conclusion  that  surface  effects  are  of  some  importance  at  higher 
S/V  ratios. 

(9)  Equilibrium  value  at  25°  were  substantially  as  noted  in  the  larger 
apparatus  in  previous  work,  thus  indicating  that  the  effects  noted 
were  not  simply  caused  by  simple  removal  of  appreciable  amounts  of 
reaction  material  for  the  gas  phase  by  simple  absorbtlon*  Like- 
wise these  results  indicate  that  no  basic  undetected  measurement 
errors  were  made* 

(10)  Heat  of  Reaction  value  computed  from  equilibrium  constants  of 
ethanol  was  in  reasonable  agreement  with  (6Kcal)  values  computed 
ft*om  standard  heats  of  formation  and  combustion.  H s -lli,000 
cal/graol.  Thus^S®  was‘*^^cal/%ole  for  the  reaction  2’F02  / C2 

H5OH  —C2H5ONO  / HHO3  and  the  standard  molal  entropy  of  ethyl 
Nitrite  v«s  y 8U.  (Swnd,  State,  25°,  1 Atm). 

Quantitative  Results  arc  Presented  Graphically  in  the  following 
pages. 

Discussion  (temperature  and  surface  effects) 

Figure  1 indicates  quantitatively  the  change  in  "order”  with  respect  to 
alcohol  that  was  noted  at  the  divers  temperatures  investigated  and  with 
surface  to  volume  ratio  equal  to  l.U  cm-',  ut  all  temperatures,  it  atbs 
found  that  the  reaction  rate  varied  at  the  second  power  of  the  1102  par- 
tial pressure  (first  power  of  N20h)»  Urns  thought  to  be  expedient 

to  express  the  data  v/ith  the  NO2  dependence  already'  "corrected"* 

It  was  found  that  this  data  could  be  also  expressed  without  sig- 

k2 , if  the  con- 
stants and  k2  were  chosen  of  the  correct  order  of  magnitude.  These  val- 
ues as  conputed  are  tabulated  in  Table  1* 

Table  1 Temperature  oc  (L2/moles2sec)  kgdymole  sec) 

0 6*0x10^^  1h$ 

25  3*6  53 

50  1,3  6*7 

75  0*3  1*6 

It  is  to  be  noted  that  values  of  k]^  decrease  with  increasing  temperature, 
"aotlvational  energy"  being  6*5  Koal/gmol.  Values  of  k2  fall  off 


nif leant  error  in  the  form*,.. 


’“PhOj/iOj^  dt  - kj  (ale)  / 
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rapidly  idtli  Increasing  tenr*rature,  a plot  of  lnk2va  l/T  (figure  2) 
indicates  tljat  activational  energy  for  this  constant  is  of  the  order 
of  -l^kcal/snol.  Both  contrtants  exhibit  a negative  tenperature  coeff- 
icient as  noted  by  previous  workers (2). 

Values  at  2$^C  seen  to  be  sone>4iat  high  compared  vd.th  the  other 

value  listed.  If  alloiwance  be  made  for  this,  it  is  to  be  noted  Uiat  t}« 
value  of  k^  at  2$°C  Ibr  etlianol  shoves  very  good  agreement  with  tlie  value 

of  2.0  10^  as  reported  by  Tairlie  (2)  ^d'.ose  work  was  done  in  an  appara- 
tus vith  surface  to  volume  ratio  z 0^3  oin”l. 


It  is  then  tentiti'^jly  postulated  that  the  reaction  of  IID2 
' , v'ith  alcohols  (data  for  t-butanol  at  25°  C shov/  much  the  sane  effects 
as  did  tlie  ethanol  data)  proceeds  according  to  t\ro  simultaneous  reactions. 
The  first  reaction  is  a vapor  phase  reaction  and  initially  represents  a 
simple  second  order  reaction  bet.»een  K20h  and  the  alcohol.  The  second  re- 
action is  s\irface  catalyzed  and  is  essentially  zero  order  in  alcohol.  The 
surface  reaction  process  is  tentitively  postulated  to  Le  an  adsorbtion  of 
ROH  on  the  rails  to  mate  an  adsorbed  species  hereafter  denoted  by  "X”. 

This  f«cios  then  reacts  .ith  112^'^  bo  forp  the  products  of  the  o'/rrall 

reaction.  Thus: 


/ te 
I.OK  / S 

Icb 

S 

!l20i^  / X UO3/ROIIO  / S 


Therefore ; 


dx 

wr 


Z 0 • 


ka  (R0ii)(so-::)  x -itc  (x)  (:i20h) 


X s ka  (P.0H)(S0) 

IcaC  r;5!0  V'fc,7  kc  YN20u) 


\d'ich  for  ictj  and  kc  snail  iTith  respect  to  ka  reduces  to: 

X = So 

and,  ejqpressing  rate  in  on  a noles  ]<er  unit  volume  bases j 

T>ds  is  equivalent  to  assuming  that  equilibrium  adsorption  of 
is  the  controliing  stop  of  this  reactioh. 

Tims  combining  the  homogenous  and  hetcrogeiwous  rates,  overall 
rate  is  given  by; 

dd02Alt  B M20t,  (kialc  / (SA) 

which  is  in  agrecrwJnt  with  the  e.rperljMntal  data. 
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Data  taton  In  this  lnv»atl£:ation  where  MO2  and  alcohol  ware 
ad  led  non-alnultaneously  to  the  reactor  tend  to  aubetantlate  this  pos- 
tulation* V.lien  IK)2  ad^d  first,  little  effect  tias  noted  on  the 
rate.  Konever,  vrhen  alcohol  was  added  first,  rate  was  observed  to  be 
alnost  double  that  observed  for  sliiultaneous  addition  of  reactants* 

This  is  Interpreted  to  laean  that  ^riih  the  separate  addition,  tine  was 
allowed  so  that  active  centers  requiring  a higher  activation  energy  for 
alcohol  adsorption  were  given  a chance  to  adsorb  alcohol,  thus  actually 
adding  to  the  catalytic  activity  of  the  t«11s.  Since  KO2  does  not  shovr 
a rate  effect,  it  is  Inferred  that  it  hae  little  effect  on  the  roaction 
though  oauns  of  adsorption* 

h furtlier  observation  lends  credence  to  the  supposition  that 
alcohol  adsorbs  on  pc'rex  walls,  nt  zero  degrees,  pure  alcohol  was  ad- 
nitted  to  the  reaction  cell  for  purposes  of  noting  light  absorbtion  effects 
if  unjf*  iit  higher  tenperatures,  no  effect  was  noted  on  galvononeter  reacing 
vrtien  alcohol  v/as  adiaitted,  but  at  zero,  a steady  sIjw  drift  of  tiie  galvan- 
c»ieter  outptit  \/as  noted,  indicatinr,  that  light  vas  sonehov;  being  adsorbed, 
scattered  or  reflected.  Since  the  pressv.res  v/ere  considerably  below  the 
vapor  pressure  of  alcohol,  this  is  interpreted  to  mean  that  a film  of  ad- 
sorbed alcohol  was  being  fomed  on  the  p^.'rex  ./indows  lea  ding  -U)  reflection 
according  to  Fresnel's  lav;.  This  effect  tlirows  some  doubt  on  tlie  validity 
of  rcauin  rs  taken  a zero  degrees  C,  and  for  this  reason  equlli'.Tiun  data 
ta!:on  at  zero  were  discarded.  Since  tlio  effect  was  only  noticeable  after 
several  riinutes  tad  ela-'sel,  initial  rate  data  were  included  and  are  felt 
to  be  reasonably  vali<l. 

It  is  interestin''  to  note  that  since  the  heterogeneous  part  of 
the  rate  equation  is  dej.'endant  on  tlie  S/V  ratio,  the  catalytic  rate 
would  have  been  much  less  in  evidence  in  the  work  of  Fairlie  (2).  This 
work  was  done  in  an  apparatus  with  S/v  approximately  l/$  of  that  used 
in  tlie  prosent  work.  Haking  the  aiipro^iriate  correction  for  S/V,  it  nay 
be  deteruined  that  an  apparent  order  of  0*9  would  obtain  in  tlie  I^iirlie 
work  (vdth  respect  to  alcohol).  Such  a slight  deviation  from  unity  was 
raoked  in  the  experimental  uncertainty  of  the  points  plotted  for  order 
deri’.ination*  In  fact  certain  of  the  Fairlie  data  did  tend  to  indicate 
slopes  less  than  unity  but  at  the  time  this  ’vas  attributed  to  experimen- 
tal errors, 

Ikiuillbrium  data  taken  vfith  the  higher  SA'  ixxlicated  an  a\’erage 
equilibiruri  constant  of  at  25°C  ’.rfiich  compares  very  favorably 

v.lth  the  value  of  0,05  repoi’ted  by  iairlie  et  al.  This  indicates  that 
there  vras  no  intemal  inconsistancies  caused  bj'  experimental  method  er- 
rors that  night  preclude  conjarlng  the  tv;o  sets  of  data,  a plot  of  log 
K vs  1/T  for  ethanol  was  used  to  determine  the  heat  of  reaction*  This 
value  was  -4.©  Kcal/c7io3.  for  t:.e  reaction  of  2PO2  ath  one  alcohol* 

This  value  enabled  the  conputation  of  lieat  of  cemboation  of 
Ethyl  l?itrite  v;ithin  6 Kcal  of  tho  value  tabulated  In  "Handbook  of  Chem- 
istry and  nyslcs".  Standard  molal  entropy  of  I thyl  nitrite  (2S°C,  1 atn) 
was  estimated  to  be  f^cal/^I^ole*  This  last  value  may  be  compared  to  a 
roui^  statistical  calculation  assuming  free  Internal  rotation  about  all 
apjilicable  bonds  which  f ave  a value  of  S’O.  Thus  It  nay  be  inferred  that 
free  internal  rotation  does  not  oocur  idthin  the  EtOMO  molecule* 
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An  investigation  of  rate  of  reaotioit  in  the  later  stages  of  reaction  sub- 
stantiated the  results  of  Fuirlie  in  tiutt  reaction  rates  above  tlusse  ttiat 
'..’o'ald  be  predicted  fror  the  stoichimrtr.<  anrl  tto  initial  rate  lavr  ob- 
tained. Thus  the  products  are  seoi.  to  bo  autooatalytie  to  the  reaction^ 
and  this  effect  is  believed  to  be  in  addition  to  the  surface  effects  al- 
readj'  noted. 

fhe  tenperat  ire  effects  are  by  no  means  anorolous  i/hen  the  over- 
all mchanism  is  considered.  The  rate  law  evaluated  is  based  on  > 02  as  a 

reactant.  The  improbability  of  terrolsailar  collisions  rould  indicate 
that  ill  all  probability  the  reactive  species  in  r’2'^U  *“*^^6^*  ^^an  2 

SLnce  W2OJ1  decreases  in  amount  idth  increased  temperature  (K20i|  s fi0^2 

/ill  Soo/?T 

^ ® * ),  tills  effect  counterbalances  the  increased  value  of 

specific  rate  cons  taut  at  hi(^er  temperatures.  Thus  for  K^,  tl*  sijjple 
vapor  phase  reaction  constant,  activation  energy  is  approxluately  HP  kcal. 
It  is  to  be  expected  that  adsorption  on  lyrex  wald  iiroduce  such  bonding 
as  to  reduce  the  activational  energj'  of  tlie  reaction  process.  Tims  thie 
catalytic  surface  rate  nirht  be  exiJtcte<l  to  have  a smaller  value  c>f  E as 
ccxijjared  to  the  gas  olvase  rate.  T^is  smaller  value  of  E,  combiiied  'vith 
the  llif^OO  for  the  '02-t’2^1i  e ;.uilibriun  accoiuits  for  tlie  negatiwalue 
of  E indicated  the  trend  of  the  heterogeneous  constants. 
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(T  ffect  of  iJToducts  and  divers  third 
Components  on  initial  reaction) 

The  increase  in  rate  over  vrhat  ira  -Id  be  predicted  from  the  in- 
itial law  and  the  ctoichionotry  aa  observed  by  lairlic  in  the  later  states 
of  the  HO,, -alcohol  reaction  sugrcstcd  the  desirability  of  locating  the 

agent  causing  this  autocatalj'sis, 

■ ' itli  MO  2 there  is  always  the  posslbi  .ity  of  oxidation  reactions. 

Thus  the  roles  of  NO  and  of  acetaldehyde  v.nere  investigated.  These  i/cro 
found  to  liai'e  no  effect  on  initial  v,-lues  of  the  reaction  rate  as  is  in- 


in  table  2. 

(It.  OrjiI^Og,  2.O1U  utOl!  Churgedy 

ruj  VO 

K (P.oW'^022oo!1)  rr.-2r:in-l 

0.0 

0.0275 

1.0 

0,029 

2.0 

0,029 

6,0 

0,0275 

12.0 

0.0275 

rm  CH3C1I0 

0,0 

0.033 

6,0 

0.0335 
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With  NO  oonstant,  N<]2  and  aXeohol  partial  preasxirea  mre  varied  to  deter* 
mine  the  poeelble  effect  of  NO  on  order  of  the  reaction*  It  wao  found  tiiat 
rate  oomtants  computed  from  these  data  were  without  significant  drift  as 
indicated  • ’ . Values  of  "k«  taken  with  I«02  *laau,  NO  s 6nn,  ^^ith 

Alcohol  at  l*'0';i.5>2,0  and  2*5  were  respectively,  *0ti6,  1.033»  0*031, 

0.036.  This  variation  la  within  the  errors  involved  in  the  Fairlie  in- 
vest i(^;atlon,  and  it  is  felt  tluit  they  do  not  indicate  a variation  due  to 
NO,  but  rather  exhibit  the  effect  of  surface  as  indicated  in  the  previous 
sections  of  this  report. 

ISO  observec  to  have  an  effect  on  the  later  stages  of  the  re- 
action as  expected  iron  the  reactlch  of  S15i)j  product  vd.th  I?0.  TSiis  secon- 
dary reaction  (2HNO3  ^ jjO  = 3!’02  / H^O)  evidently  much  slovrer  than 

the  prinarj'  reaction.^  for  pressure-tlx.se  data  with  and  without  MO  \tere  iden- 
tical until  as  much  as  of  the  initial  ro  had  reacted.  Under  such  con- 
ditions, the  primary  re.ction  had  almost  come  to  its  equilibrium  value  be- 
fore !'02  began  to  reapj»ar  due  to  tlje  secondary  reaction.  This  last  is  in 
direct  contradiction  to  the  observations  of  the  vriter  talcen  on  the  sai  e 
apparatus  in  19h9.  Then,  as  little  as  1/2  rm  of  Jft}03  observed  to  re- 
act practically  instantaneonsX''  with  one  to  two  nm  NO.  hoaction  rate  '.ms 
so  rapid  as  todefj*  taking  data  with  the  apparatus.  Thus  it  is  infen*ed 
that  the  presence  of  the  divi  rs  other  species  (Alcotol  and  I’itrito  ester) 
hhs  an  inhibitary  effect  on  the  nitric  acici-J?0  reaction.  Since  this  was 
not  ])art  of  the  prinar::/^  investigation,  tt\e  subject  was  not  pursued  farther. 
It  nay  well  be  that  Nitrite  inhibition  of  Nitric  acid  reactions  in  general 
may  ])rove  to  >)e  of  con.siderable  val'ie  in  explosive  and  nitric  acid  ox- 
idation reactions  generally. 

Since  "eloche  had  found  that  the  reverse  reaction  roceeded 
much  more  imnidly  initially  than  aft«r  sone  reaction  >iad  taken  f lace 
(after  due  account  had  been  taken  of  ti;e  stoichiometr^  it  was  consid- 
ermod  possible  that  the  products  of  t.  e forward  reacWon  themselves 
might  have  catalytic  effects.  To  ovtluate  this  effect,  ethyl  '’itrite  \ms 
added  to  the  feed  charge 

Computed  rate  constants  with  6nin  CtOt'O  and  0*0  r».i  ^OKO  were  0*025  and 
0,02c  respcctivelj''. 

TnxB  to  the  lo<vr  vapor  pres.sure  of  R1O3  only  small  amounts  of  this 
material  could  be  added  in  the  feed  charge*  IIo>/e\'er  an  increase  in  rate 
was  noted*  Initial  rate  constant  changed  flrom  0.02'8  to  0.038  on  addition 
of  O.0rT:t  of  IPI03  vapor,  'i.hilc  this  is  u significant  change  unJ  is  in  line 
Tfith  the  Fairlie  postulation  that  HNO3  decomposition  products  are  the  cause 
of  the  autocatalystic  effect,  the  magpitwle  of  the  effect  Is  too  s'lall  to 
account  for  the  results  reported  by  lairlie.  The  KNO3  used  vras  tal»n  dir- 
ectly from  stock  ftuning  KNO3  and  presumably  contained  the  i.jaxlmun  amounts 
of  N2O5  etc* 

Since  the  autooatalytic  effect  is  NOT  caused  by  products  directly, 
or  by  products  due  to  o:;idation,  or  by  di'vers  'itrogen  oxides,  tliere  are 
only  a very  few  possible  species  tliat  could  be  ]x>stulated  to  cuase  the  rate 
changes  noted*  Of  these,  nlltyl  Nitrates  are  felt  to  have  the  best  poss- 
ibility of  causing  the  noted  effeote*  I^sumably  these  nitrates  night  be 
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formed  fl^3n  the  products  of  the  lin'i*«lcohol  reaction*  «**HNO^  / 

nONO  s HOTIO  / nilO^.  it  has  not  been  felt  to  be  (toslrous  to 
evaluate  this  postulation  experljocntall^'  due  to  the  danger  ii>> 
volveil  in  use  and  storare  of  the  loner  i)arrafin  nitrates* 

The  finding  of  this  iiivcstigation  that  ^FO  does  not  affect 
reaction  rate  for  n.,trite  formation  is  of  considerable  interest 
in  organic  chemistry.  It  ./as  expected  that  N2  O3  formed  from 
the  divers  nitrogen  oxides  vould  react  directly  and  rapidly 
with  the  Alcohol  to  give  a series  of  reaction  steps  t 

NO  / H''2  z (eq)  N2O3 
N2O3  ^ ,klc  8 R0r02  ^ 

HNO2  / Ale  5 ROlfO  / HgO 

v/ith  a rate  given  by  ; d>I02/dt  = k (NOg)  (!J0)  (Ale).  If  aijy 
such  nechanlsr.  had  been  coia;X!ti:ig  vdth  the  r HOH  reaction 
in  significant  amounts,  an  increase  in  f'O  concentration  v;o\»ld 
ha'/e  increase  I t)ip  in»icatel  reaction  rate.  Snch  './as  not  ob- 
served, and  ‘lonco  it  nay  be  concluded  tliat  the  only  effect  of 
^'0  is  the  removal  of  y.VO^  pi'oduct,  './lien  this  secondary  reaction 
is  considered  v/ith  the  primarj'  reaction,  and  the  equations  are 
added,  an  overall  stoichiometry  exists  tliat  is  ir.dentical  to 
that  obtained  from  the  N2O3  mechanism,  fvidently  N2O3  is  formed 

in  such  sr.wll  amounts  tliat  is  has  no  noticeable  effect  on  the 
N-oxide-alcohol  reactions. 
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